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The maturational stage at which sebaceous epithelial cells are 
irreversibly committed to autolysis has not been determined 
in a biologic system. The purpose of these experiments was to 
determine the relationship of sebocyte maturation to their 
ability to grow in culture. 
Single cell suspensions from adult rat preputial glands were 
prepared, and sebocyte stages were classified using lipid 
staining as one criterion of maturation. Cells were subjected 
to one-step, isokinetic discontinuous density gradient cen- 
trifugation in Percoll. Cells were cultured on 3T3 feeder 
layers in an epithelial cell medium containing 20% fetal calf 
serum, growth factors, and antibiotics. 
Growth in culture occurred from sebocytes in all gradient 
fractions. The least growth was found from cells in the light- 
est density fraction (1.020), which contained sebocytes with 
the most lipid, i.e., the most mature. Over fivefold more 
growth occurred from cells in the most dense fraction 
(1.080), which contained undifferentiated and immature se- 
bocytes. Cell growth in culture was then correlated with the 
type of sebocyte in each fraction plated. Although cell 
growth in culture correlated significantly with the number of 
undifferentiated cells (P = 0.460), epithelial colonies were 
found in the absence of discernible undifferentiated cells in 
most fractions. Growth in culture correlated much better 
with the number of early plus mid-differentiated sebocytes 
(P = 0.702). 
These data suggest that, whereas mature sebocytes are not 
capable of attachment/proliferation, early differentiation of 
sebocytes is compatible with retention of the capacity to pro- 
liferate. If this property is shared by human sebocytes, it 
would contribute to the intransigence and diversity of acne- 
form lesions.] Invest Dermatol92:751- 754, 1989 
I t is well known that sebaceous cell (sebocyte) maturation is characterized by lipid production to the point of cellular self-destruction [l]. Histologic evidence indicates that mi- totic activity occurs mostly in undifferentiated cells, and that epithelial buds can grow from these cells at any point and 
differentiate into new acinar units [2]. Although random mitoses 
take place [3], most of this activity normally seems to occur in the 
periphery of the acini [4]. 
From this, it might be surmised that once a sebocyte begins to 
differentiate, it is committed to autolysis. However, the matura- 
tional stage at which sebocytes are committed to die has not been 
experimentally determined in a biologic system. Since maturing 
sebocytes differentially regulate protein, lipid, and steroid metabo- 
lism [s-7], they may well retain the capacity to proliferate. In 
support of this concept, Plewig et al ascribed proliferative ability to 
early differentiating cells on the basis of light microscopy after in 
vivo 3H-thymidine labeling [8]. 
To determine the stage of maturation at which sebocytes lose the 
ability to proliferate requires a technique for culturing these cells. 
We found that preputial gland sebocytes attach poorly under ordi- 
nary tissue culture conditions [9], and though they attach better 
when grown on a collagen substrate [lo], they grow very slowly. 
However, they grow well in the presence of a feeder layer culture 
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system known to support the growth of hair and epidermal epithe- 
lial cells [ 111. Th’ h 1s 
the maturational 
as permitted study of the relationship between 
stage of sebocytes and their ability to grow in 
culture. 
METHODS 
Preputial glands were obtained from young adult male Sprague- 
Dawley rats, about 2 months old and 220 gm weight, which were 
killed by rapid cervical dislocation. A single cell suspension was 
then prepared by a modification of the method of Wheatley et al [5]. 
Cell clumping was eliminated by the substitution for collagenase of 
2.5% dispase (bacterial neutral protease, type II, Boehringer) in 
Dulbecco’s Modified Eagle Medium (DMEM) for 18 h at 4°C. The 
pellet obtained by centrifugation at 400 X g was successively 
washed with phosphate buffered saline/l% ethylenediaminoacetic 
acid (EDTA) and then incubated sequentially with 0.25% trypsin 
(Gibco) at 37°C for 40 min and 2.5 mg/ml soybean trypsin inhibi- 
tor (Worthington). The cells were then gently stripped from the 
capsule into DMEM/lO% fetal calf serum with a rubber policeman. 
A cell pellet was prepared after filtering through 52 p nylon mesh; it 
was then taken up into cell culture medium and the cells dispersed 
by a Pasteur pipette. 
Cell counts were performed using a hemocytometer, and cell 
viability was determined by the exclusion of trypan blue dye. Thin 
cryostat sections of gland and smears of cells were stained with Oil 
Red 0 in triethylphosphate (Gomori) and counterstained with 
Gill’s hematoxylin after fixation in formal-calcium [ 12,131. 
Cell stages were classified according to a modification of the 
method of Tosti [3] whereby lipid content was assessed by fat-stain- 
ing. Undifferentiated cells were distinguished from early differen- 
tiated cells by the presence of intracytoplasmic fat droplets in the 
latter. Mid-differentiated resembled early differentiated sebocytes, 
but they contained sufficient lipid to give the cytoplasm a distinctly 
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Figure 1. The preputial gland and its cells, stained with Oil Red 0 and Gill’s hematoxylin (568X) which respectively show as dark and pale gray here. A: 
sebaceous epithelial cord within a preputial gland lobule. All epithelial cells stain for fat. B: Mature and late-differentiated sebocytes isolated in the 1.020 
fraction of the gradient (thick smear.) The majority of sebocytes are mature, but there are a few late (large arrow) and mid-differentiated (small arrows sebocytes; 
there are no undifferentiated cells. C: Early ( small arrow) and mid-digerentiated (largearrow) sebocytes predominate in the 1.080 fraction of the gradient (thin 
smear). Note that hardly any undifferentiated cells can be found; virtuahy all cells contain intracytoplasmic fat droplets discernible here best as dark droplets at 
cell borders. D: An epithehal colony which has grown out in 1 week from cultured sebocytes. Note the occasional fat-filled cell and the presence of fat droplets 
at the membranes of apparently typical epithelial cells. 
pink cast. Late differentiated cells had a greater cytoplasmic : nuclear 
ratio (2 1: 1) and fat drops, though not enough to distort the cell. 
Mature cells were distored by fat. Cell diameters, computed from 
magnification of photomicrographic slides, increased progressively 
with these maturational stages: they ranged successively from about 
6.5-7.5, 7.5-9.5, 8.5-13, 13-18, 19-30~. 
One-step isokinetic discontinuous density gradient centrifuga- 
tion through Percoll (Pharmacia/Sigma) was then carried out. Five 
Percoll fractions with densities of 1.020- 1.080 were prepared ac- 
cording to the manufacturer’s instructions and buffered with pH 7.4 
phosphate buffered saline. Aliquots of samples were taken up and 
applied in the 1.065 fraction. The gradient was then centrifuged at 
400 X g at 4°C for 20 min. Cell pellets were then prepared from 
each fraction and resuspended in epithelial cell culture medium 
(EPCM). 
Cell culture was carried out as previously reported [ 111. EPCM 
consisted of DMEM containing 20% fetal calf serum and was sup- 
plemented with choleratoxin 1O-‘o M, co&sol 1.3 X 10e6 M, tri- 
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iodothyronine 2 X 10-l’ M, insulin 5 pg/ml, EGF 5 ng/ml, and 
transferrin 5 pg/ml. T wenty-five to fifty thousand cells were dis- 
pensed into 35 mm plastic tissue culture dishes (Costar) containing 
3T3 cell feeder layers (20,000/cm2) which had been pretreated with 
mitomycin-C 8 pg/ml for 2 h. Penicillin (100 U/ml) and strepto- 
mycin (100 pg/ml) were added. The cells were then grown in 
primary culture for up to 2 weeks in an atmosphere of 95% sir/5% 
CO, at 37°C. 
D Cell Type Cell Identity 
mature 17 
late diff. KZl 
The cell cultures were monitored by phase microscopy and were 
stopped prior to confluency of the most dense plates from each 
experiment. Colony growth was assessed by staining as above, 
counting trypsinized epithelial cells after removing feeder cells 
with EDTA, or adding 1 N NaOH and measuring protein by the 
method of Lowry et al [14]. 
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Each rat yielded 88 + 0.6 (SEM) mg of preputial gland tissue. Vir- 
tually all of the epithelial cells in the glands stained for fat (Fig 1A). 
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Per gm tissue, 4.4 + 0.9 X 10’ cells were recovered. Total cell 
viability was 71 + 6%. The distribution of cell types was as 
follows: undifferentiated 2.7 f 1.6%; early 28.2 f 8.6%, mid 
33.1 f 14.1% and late differentiated 15.1 + 5.3%; mature 21.0 
+ 3.5%. 
Figure 2. Distribution of sebocytes on Percoll gradient. The location of 
each 2.5 cc density fraction is shown schematically on the left. The distribu- 
tion of cell types in each density fraction is shown on the histogram in the 
center, with the cell identity code on the right. 
After density gradient centrifugation, 57.4 f 4.5% of cells ap- 
plied were recovered. Increasing numbers of cells were recovered in 
the successively more dense fractions, and viability ranged from 
about 50% to 90% over the gradient (Table I). 
The sebocyte type at each level of the gradient is shown next to a 
schema of the Percoll gradient in Fig 2. In the least dense (1.020) 
fraction, late differentiated and mature sebocytes constituted 
92.7 + 2.3% of the cells (Fig lg. In the most dense (1.080) frac- 
tion, early and mid-differentiated cells constituted 92.8 & 2.0% of 
the total sebocytes, with undifferentiated cells constituting another 
3.3 + 1.4% (Fig 1C). There were no undifferentiated cells discern- 
ible in the upper three fractions; otherwise, the intermediate frac- 
tions of the gradient contained an intermediate distribution of cells. 
Cells were cultured before and after gradient density centrifuga- 
tion. Typical epithelial cell colonies usually were visible within 1 
week, and the most dense would approach confluence in about 
12 - 14 d. Fat staining was demonstrable in similarly small amounts 
from all fractions, typically within cells at the centers of colonies 
and at cell boundaries elsewhere (Fig 1D). Protein was used as an 
index of colony growth because it correlated with cell count 
(r2 = 0.925). Cell growth at 9 - 12 d was usually found to correlate 
with the number of cells lated when cultures were initiated with 
50,000 cells or less. The e & ciency of colony growth was unaffected 
by the use of Percoll. 
These data were then analyzed in terms of the cell type in each of 
these fractions, relating cell growth in culture to the types of sebo- 
cyte in each fraction. Figure 4 shows the major relationships. Al- 
though cell growth in culture correlated significantly with the 
number of undifferentiated cells (r2 = 0.460, p < .005), epithelial 
colonies were formed in the absence of discernible undifferentiated 
cells in most fractions. Furthermore, epithelial growth correlated 
better with the number of early differentiated cells (13 = 0.540, 
p < .OOl). However, the slope of the regression line relating 
growth in culture to the number of these cells was much shallower. 
Growth in culture correlated best with the number of undifferen- 
tiated plus early and mid-differentiated sebocytes (ra = 0.720). 
However, it can be seen from Fig 4 that the correlation with the 
number of undifferentiated cells added very little to the correlation 
with early plus mid-differentiated cells (r2 = 0.702). A significant 
negative correlation was found with the number of mature sebo- 
cytes (f = 0.624). 
DISCUSSION 
When 25,000 to 50,000 cells were removed from each fraction of 
the gradient and submitted to culture for 9- 12 d, the results shown 
in Fig 3 were obtained. The results of those experiments (n = 4) are 
shown in which doubling the number of cells plated led to a signifi- 
cant (p < .05) and 1.9 f O.l-fold increase in colony growth. The 
least growth was found from cells in the lightest density band 
(1.020), which contained those sebocytes with the most lipid, i.e., 
the most mature. The most growth, over fivefold more than that in 
the 1.020 fraction, occurred from cells in the most dense fraction 
(1.080), which contained undifferentiated and less mature sebo- 
cytes. 
Sebocytes in advanced stages of differentiation were completely 
separated from undifferentiated cells and over 95% separated from 
the early differentiated sebocytes of rat preputial glands. This was 
accomplished by a dispase-trypsin regimen that yielded single cell 
Table I. Recovery of Sebocytes Re Percoll Fraction 
Fraction No. (XlOs)/gm Viability (%) 
1.020 1.1 f 0.1 57.8 * 7.9 
1.035 13.5 f 4.5 49.3 + 2.5 
1.050 16.4 & 3.5 63.8 + 6.3 
1.065 37.7 f 8.9 90.5 f 2.4 
1.080 119.0 f 43.6 93.0 + 2.7 
Figure 3. Colony growth (as indexed by protein per 50,000 cells plated) in 
relation to the sources of cells by gradient fraction. The 3T3 blank, averag- 
ing 48 -+ 21 ,ug protein/dish, was subtracted from all data points. 
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It is not surprising that sebocytes would show so little evidence of 
differentiated function in the tissue culture system utilized here 
because the system was designed to optimize epithelial cell attach- 
ment and proliferation. It remains to be determined whether mono- 
layer culture will prove to be a suitable system for the study of 
sebocyte differentiation. 
These studies were initiated while on sabbatical leave in the laboratory ofRoy Oliver, 
who generously made available Be use of his facilities. My particular thanks 20 to 
Thierry Maudelondefor his pilot studies, Amanda Reynolds for introducing me to 
bio/ogic techniques, and to ColinJclhodaf h or is council. Parricia Otto’s continued 
technical assistance in thefinal phase ofthe project was invnluable. 
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Figure 4. Relationship between colony growth in each gradient fraction (as 
percent of the total in all fractions during each experiment) and the type of 
sebocyte in each of these fractions. X: Undifferentiated cells; open circle: early 
differentiated cells (0); closed circle: early plus mid-differentiated cells. 
suspensions followed by discontinuous isokinetic density gradient 
centrifugation on Percoll. The yield of viable cells was comparable 
to that previously reported for the rat preputial gland using a colla- 
genase-trypsin regimen [7]. However, our preparation was devoid 
of clumping apparently because dispase specifically cleaves the 
hemidesmosomal attachment of the epithelium to the basement 
membrane [ 151. The sebocytes se arated on the Percoll gradient by 
lipid content and size, as expecte B from the studies of mouse prepu- 
tial cells by Wheatley and colleagues using Ficoll and Metrizamide 
gradients [5,16]. However, in contrast to the problems with cell 
fragility they encountered, we found our cells to be quite hardy, as 
anticipated from the numerous advantages of Percoll over materials 
previously available for density gradient centrifugation [ 171. 
Sebocytes attached and proliferated in our monolayer culture sys- 
tem like other epithelial cells [ 111. The relationship between the 
maturational stage and the outgrowth in culture from each fraction 
of the gradient was examined by linear regression analysis. Undif- 
ferentiated cells almost certainly proliferate, judging from the sig- 
nificant correlation between their number and cell growth, and the 
steep slope of the regression line (Fig 4) suggests that they prolifer- 
ate rapidly. However, this does not appear to be the only cell type 
which proliferates in culture, because growth occurs from cells in 
the buoyant gradient fractions where there are no undifferentiated 
cells. These latter fractions all contain partly differentiated cells. 
Furthermore, the number of early differentiated cells correlates as 
well with growth as did the number of undifferentiated cells, and 
the sum of early plus mid-differentiated sebocytes correlates better. 
However, the shallower slopes of the regression lines relating the 
number of these cells to outgrowth in culture suggests that the rate 
of proliferation of partially differentiated cells is less, and/or a 
smaller fraction of them are capable of growth. This analysis, there- 
fore, is compatible with early and mid-differentiated sebocytes giv- 
ing rise to the colony forming units. This suggests that partial dif- 
ferentiation of sebocytes does not commit them to self-destruction. 
Rather, these data suggest that partially differentiated sebocytes 
retain the ability to attach and proliferate. If this property is shared 
by human sebocytes, it would contribute to the intransigence and 
diversity of acneform lesions. 
The conclusion that early differentiation of sebocytes does not 
preclude their proliferation does not seem very different from the 
situation within the epidermis. There is considerable variability in 
the ability of epidermal basal cells to proliferate [ 181. Furthermore, 
recent evidence suggests that epidermal cells express markers of 
differentiation before proliferation ceases [ 191. 
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